Introduction {#sec1}
============

Total joint arthroplasty has been identified as one of the most commonly performed elective surgeries in the United States \[[@bib1], [@bib2], [@bib3]\]. Various models have projected primary total knee arthroplasty (TKA) volumes to increase to numbers ranging from 1.26 to 3.48 million by 2030 \[[@bib1],[@bib2],[@bib4]\]. The demand for arthroplasty is also growing among a younger (\<65 years) and more active population, which poses a higher risk for revision secondary to their activity level and the higher demand placed on prostheses. Owing to the need for increased implant longevity, alternative bearing surfaces that exhibit improved wear resistance continue to be an area of development.

Oxidized zirconium has been used for femoral components in TKA since the 1980s and total hip arthroplasty (THA) since 2003 \[[@bib5]\]. It is produced by heating a zirconium alloy in air (97.5% zirconium + 2.5% niobium), forming a hard 5-μm outer oxidized surface that is over twice the hardness of a cobalt-chromium alloy, giving it the strength of a metal while also avoiding the risk of brittle fracture that can occur with ceramic \[[@bib5], [@bib6], [@bib7]\]. Oxidized zirconium implants were initially introduced as an alternative bearing surface to reduce polyethylene wear and aseptic loosening in TKA and have demonstrated improved survival rates \[[@bib8]\]. Owing to its proposed benefits, oxidized zirconium has been used in patients with metal sensitivities \[[@bib9],[@bib10]\] and in revision after metallosis \[[@bib11]\].

There have been prior reports of accelerated wear and severe metallosis after dislocation of THA oxidized zirconium femoral heads and unicompartmental knee arthroplasties \[[@bib7],[@bib12], [@bib13], [@bib14], [@bib15], [@bib16]\]; however, this has not been described in TKA. We report a case of mechanical failure and metallosis of an oxidized zirconium TKA in a patient with knee instability. To our knowledge, this is the first report of catastrophic failure of an oxidized zirconium TKA implant.

Case history {#sec2}
============

Informed consent was obtained from the patient. The patient is a 68-year-old female with multiple comorbidities including cerebellar ataxia, hypertension, hyperlipidemia, and major depressive disorder who underwent left TKA at an outside institution in 2014. After the index procedure, the patient presented in April 2019 endorsing pain, difficulty bearing weight, knee instability, and buckling. On examination, the incision was well healed, there was no erythema or swelling, but there was significant laxity to varus and valgus stress. Imaging demonstrated a widened and asymmetric joint space but no sign of perihardware lucency or hardware failure ([Fig. 1](#fig1){ref-type="fig"}). A knee aspirate was obtained and was notable for synovial leukocytosis \>20,000 c/mm (automated count), with 5% polymorphonuclear cells. A manual cell count was not obtained. Aspiration cultures remained negative. Owing to the patient's neurologic condition and inability to tolerate a two-stage procedure, the patient was indicated for a single-stage revision of her left knee with placement of a hinged prosthesis to optimize stability.Figure 1Anteroposterior and lateral views of the left knee preoperatively demonstrating an asymmetric joint space. No sign of perihardware lucency or hardware failure.

Surgical intervention {#sec2.1}
---------------------

The patient underwent left knee debridement and irrigation and revision TKA with a distal femoral replacing rotating hinge. Examination under anesthesia revealed gross instability with greater than 30 degrees laxity to varus and valgus stresses with soft end points. The knee was able to dislocate anteriorly and subluxate posteriorly. A medial parapatellar arthrotomy was performed, and no purulence was noted. However, abundant black metallosis was found ([Fig. 2](#fig2){ref-type="fig"}). An extensive synovectomy was performed removing all darkened synovium, as well as components, with minimal bone loss. Surrounding soft tissues and ligamentous structures were attenuated. The femoral component showed extensive wear and loss of the black appearance on the lateral aspect of the medial femoral condyle. The tibial component showed scratching along the posteromedial aspect of the tibial tray consistent with repeated anterior subluxation or dislocation ([Fig. 3](#fig3){ref-type="fig"}). After completion of debridement and synovectomy, the knee was prepared for implantation of the hinged prosthesis because of the ligamentous incompetence. The tibia required a 10-mm augment, and the tibial stem was 150 mm and fully cemented using third-generation techniques. The femoral implant was a 3-cm implant cemented distally, and the 200-mm stem was press fit in the diaphysis. A 14-mm polyethylene held the knee stable and well balanced. The rotating hinge was then assembled. The knee capsule and skin were then closed, and a negative-pressure wound dressing was placed over the incision. The patient tolerated the procedure well with no complications.Figure 2Intraoperative photographs demonstrating abundant black metallosis during revision.Figure 3Intraoperative photographs after explantation with evidence of a groove in the metal beneath the surface on the anteromedial aspect of the femoral component and the posterior aspect of the tibial plate.

Postoperative course {#sec2.2}
--------------------

The patient's postoperative course was uneventful and without complication. Tissue samples that were sent for culture intraoperatively were negative. The incisional wound vacuum was discontinued and transitioned to a waterproof dressing on postoperative day 8. She mobilized with physical therapy during the admission and was discharged with a well-appearing incision and adequate pain control.

At follow-up, the patient reported markedly improved stability of her knee and endorsed being able to stand for short periods and ambulate short distances with physical therapy with no pain at 4 months. The patient's knee remained stable with no pain at 9 months. However, secondary to progression of the patient's neurologic disease, her functional status has since declined and she is unable to ambulate independently. Radiographs demonstrated no evidence of hardware compromise ([Fig. 4](#fig4){ref-type="fig"}).Figure 4Anteroposterior and lateral radiographs of the left knee postoperatively.

Discussion {#sec3}
==========

Metallosis is the infiltration of metallic-wear debris into the soft tissue and bony structures adjacent to a prosthesis. Although uncommon, it is a well-recognized complication of total joint arthroplasty. It is more common in hip arthroplasty than in knee arthroplasty and can arise from breakdown of either bearing or nonbearing surfaces. Chang et al. \[[@bib17]\] reported a 5.3% incidence of metallosis of 418 THAs and recommended early revision in cases of metallosis to prevent rapid progression of osteolysis. Although less common in knee arthroplasty, it is recognized as a potential cause for failure. Schiavone Panni et al. \[[@bib18]\] reported on four patients who developed metallosis, 1 unicompartmental knee replacement (UKA) and 3 TKAs, and noted that osteolysis results from the immune response to metallic particles and release of cytokines. In their series, one case of metallosis was the result of friction between the metal-back patellar component and anterior femoral component, which is prevented with the use of an all-polyethylene patellar component. The remaining three cases were caused by friction between the femoral and tibial prosthetic metal surfaces, resulting from full-thickness wear of the tibial polyethylene and progressive instability. The authors found that revision surgery rapidly eliminates pain and restores function in patients with metallosis.

Oxidized zirconium's wear properties theoretically make it less prone to wear and catastrophic failure. The oxidized zirconium surface is noted to have twice the hardness of cobalt-chromium implants \[[@bib10]\] and has been demonstrated to have lower friction, decreased wear rates, increased resistance to scratching, and reduced particle numbers compared with cobalt-chromium implants. A study conducted by Good et al. \[[@bib6]\] demonstrated that oxidized zirconium femoral heads produced 61% less polyethylene wear and 45% fewer polyethylene particles than cobalt-chromium ones. Spector et al. \[[@bib19]\] demonstrated that under clean conditions, femoral component polyethylene wear rates were more than sixfold lower than those of cobalt-chromium femoral components. Ries et al. \[[@bib20]\] demonstrated under abrasive conditions, oxidized zirconium reduced the polyethylene wear rate by over eight times with a 44% reduction in particle numbers when compared with cobalt-chromium. The authors noted when components were roughened before wear testing, visual inspection of oxidized zirconium components also demonstrated shorter and shallower scratches to the surface and components were also less affected by the roughening procedure when compared with the cobalt-chromium components, suggesting oxidized zirconium has increased resistance to scratching.

Although oxidized zirconium could lengthen implant life and possibly decrease the need for revision on the basis of these studies, there is increasing evidence of accelerated wear and metallosis with oxidized zirconium THA implants after dislocation or reduction, leading to catastrophic failure \[[@bib5],[@bib7],[@bib12], [@bib13], [@bib14],[@bib21]\]. In addition, there have been at least 2 reports of catastrophic failure in patients with UKA secondary to dislocation of fixed polyethylene bearings \[[@bib15],[@bib16]\].

The oxidized surface of oxidized zirconium is 5-μm thick, and although it possesses characteristics of an all-ceramic component with low friction, resistance to scratching, and decreased roughening while maintaining the hardness of a metal, the outer layer is a transformation of the underlying metal. Kop et al. \[[@bib12]\] demonstrated that the underlying zirconium alloy core is a softer metal than cobalt-chromium and remains soft after the oxidation process, lending itself to plastic deformation, accelerated wear, and metallosis if left exposed.

Moussa et al. \[[@bib22]\] also assessed the damage and characterized the roughness profile of oxidized zirconium femoral heads after dislocation. The authors demonstrated a substantial increase in surface roughness compared with a ceramic bearing surface when subjected to dislocation in vivo. The integrity of oxidized zirconium layer was compromised when exposed to unintended contact (ie, dislocation or reduction), and thus, subsequent accelerated wear and metallosis can ensue with exposure of the softer metal alloy.

In the case of our patient, it is unclear if knee instability was present immediately after the index procedure, subsequently leading to scratching of the oxidized zirconium surface and accelerated wear or vice versa. During the revision, visible scratches were noted on the femoral component and tibial tray ([Fig. 3](#fig3){ref-type="fig"}) that likely coincided with the episodes of buckling the patient reported, which then led to accelerated wear and metallosis. The patient's automated cell count was elevated \>20,000 c/mm; however, metal ions can falsely elevate automated cell counts \[[@bib23], [@bib24], [@bib25]\]. A manual cell count should be considered in cases where metal ions may be present. Owing to her history of knee instability, low baseline physical demand, and comorbidities, she was revised to a hinge knee prosthesis, as this would optimally stabilize her knee. We recommend surgeons ensure proper balancing has been achieved, particularly when using oxidized zirconium components for TKA.

Summary {#sec4}
=======

There have been prior reports of catastrophic oxidized zirconium failure in THA and unicompartmental knee arthroplasty; however, this is the first report of catastrophic failure of an oxidized zirconium TKA implant. Although it has been demonstrated to have lower friction, reduced wear, and higher resistance to scratching than cobalt-chromium implants, if the integrity of the 5-μm oxidized zirconium surface is violated either from dislocation or some other mechanism that causes scratching, these implants are at risk of accelerated wear and metallosis. The findings of this report highlight the importance of recognizing this as a mode of failure in oxidized zirconium implants and ensuring proper balancing and limit instability when these components are used. In addition, surgeons should consider catastrophic failure when evaluating patients presenting with instability and pain after TKA using oxidized zirconium.
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